Hypoxemic events are common in sick preterm and term infants and represent the most common cause of seizures in the newborn period. Neonatal seizures often lack clinical correlates and are only recognized by electroencephalogram (EEG). The mechanisms leading from a hypoxic/ischemic insult to acute seizures in neonates remain poorly understood. Further, the effects of hypoxia on EEG at various developmental stages have not been fully characterized in neonatal animals, in part due to technical challenges. We evaluated the impact of hypoxia on neonatal mouse EEG to define periods of increased susceptibility to seizures during postnatal development. Hippocampal and cortical electrodes were implanted stereotaxically in C57BL/6 mice from postnatal age 3 (P3) to P15. Following recovery, EEG recordings were obtained during baseline, acute hypoxia (4% FiO 2 for 4 min) and reoxygenation. In baseline recordings, maturation of EEG was characterized by the appearance of a more continuous background pattern that replaced alternating high and low amplitude activity. Clinical seizures during hypoxia were observed more frequently in younger animals (100% P3-4, 87.5% P5-6, 93% P7-8, 83% P9-10, 33% P11-12, 17% P15, r 2 = 0.81) and also occurred at higher FiO 2 in younger animals (11.2 ± 1.1% P3-P6 vs. 8.9 ± 0.8% P7-12, p b 0.05). Background attenuation followed the initial hypoxemic seizure; progressive return to baseline during reoxygenation was observed in survivors. Electrographic seizures without clinical manifestations were observed during reoxygenation, again more commonly in younger animals (83% P3-4, 86% P5-6, 75% P7-8, 71% P9-10, 20% P11-12, r 2 = 0.82). All P15 animals died with this duration and degree of hypoxia. Post-ictal abnormalities included burst attenuation and post-anoxic myoclonus and were more commonly seen in older animals. In summary, neonatal mice exposed to brief and severe hypoxia followed by rapid reoxygenation reliably develop seizures and the response to hypoxia varies with postnatal age and maturation.
Introduction
Seizures are more common in the neonatal period than any other time in life (Cowan, 2002) and both experimental evidence (Cornejo et al., 2008; Holmes et al., 1998; Isaeva et al., 2009; Jensen et al., 1992; Kleen et al., 2011; Lee et al., 2001 ) and clinical evidence suggest that early life seizures negatively impact later neurodevelopment independently of the underlying pathology (Glass et al., 2009; McBride et al., 2000; Miller et al., 2002; van der Heide et al., 2012) . In preterm infants, seizures during the first three days after birth are associated with increased risk of adverse short-term and long-term neurodevelopmental outcomes (Vesoulis et al., 2014) . In animal models, recurrent seizures during early postnatal development have been associated with learning deficits (Swann, 2005) . While data in neonates suggest that the severity of the seizures impacts these outcomes (Glass et al., 2009) , the number of seizures needed to adversely impact outcomes is not known at this time. Interestingly, in P7 rats, even a single episode of early life seizures has been shown to impair hippocampus-dependent shortterm memory (Cornejo et al., 2008) .
Hypoxemic events are common in sick preterm and term infants and represent the most common cause of seizures in the newborn period (Garfinkle and Shevell, 2011; Tekgul et al., 2006; Yildiz et al., 2012) . However, mechanisms leading from a hypoxic or hypoxic/ischemic insult to acute seizures in neonates remain poorly understood.
A critical problem encountered when investigating hypoxia-mediated brain injury and hypoxic seizures is the importance of the developmental stage in the response to a hypoxic insult. Immature brain characteristics including glutamate and GABA A receptor ontogeny (Insel et al., 1990; Jensen, 2002; McDonald et al., 1990; Selip et al., 2012) , nNOS distribution, and antioxidant capabilities (Ferriero, 2001; Jiang et al., 2004) contribute to the selective vulnerability of the developing brain to hypoxia.
Electroencephalography is a powerful physiological tool that is very sensitive to the maturational stage of the brain (Scraggs, 2012) . However, there is limited information regarding EEG maturation during Neurobiology of Disease 68 (2014) 37-46 
